Neste trabalho desenvolvemos um método seletivo e eficiente para a síntese de derivados de 3-aril-2-(tiometil)-benzo [b]furanos, via reação de acoplamento com ácidos borônicos, catalisada por paládio. As condições reacionais usadas foram brandas e compatíveis com ácidos borônicos contendo substituintes retiradores, doadores de elétrons ou neutros.
Introduction
The construction of benzo [b] furans substituted in the 2,3 positions is of great synthetic interest due to the presence of this moiety in many complex compounds, which have potential therapeutic applications. 1 In this context, the preparation of 2,3-disubstituted benzo [b] furans represents a synthetic challenge and the palladiumcatalyzed Suzuki coupling is one of the most straightforward methodologies to synthesize 3-arylated-benzofurans. 2 The palladium-catalyzed Suzuki cross-coupling reaction of aryl halides with organoboron reagents has become a common and convenient synthetic method in organic chemistry. 3 Many examples of Suzuki coupling reaction of heterocyclic halides with boronic acids have appeared in the literature over the past two decades as a promising synthetic tool. 4 More recently, significant advances have been made in the use of organoboron reagents as coupling partners in a number of palladium-mediated carbon-carbon bond formation. Among them, the use of potassium organotrifluoroborates, as the organoboron coupling partner, has some of these advantages are higher nucleophilicity, air-stability and ready access in comparison to boronic acids and boronic esters. 5 In addition, the presence of a sulfide group at the 2-position of benzo [b] furan is significant, since it could be easily oxidized to 2-sulfonylbenzofurans, 6 a class of compounds which has attracted tremendous interest from the pharmaceutical industry. During the course of our research program aiming at structure-activity relationship studies in order to evaluate the pharmacology activity of heterocycles, 7, 8 we required the synthesis of benzofurans having an organochalcogen group at the 2-position and a substituted aromatic ring at the 3-position. Since the Suzuki reaction has proven to be successful for the selective arylation of heterocyles, 2 it was of interest to explore this reaction to obtain 3-aryl-2-(methylthio) benzo [b] furan derivatives. To our knowledge this methodology has not been explored and we now wish to report the application of 3-iodo-2-(methylthio)benzo [b] furans 1a-c as substrates on the cross-coupling reaction with boronic acids 2a-k in the presence of a palladium salt to obtain 3-aryl-2-(methylthio)benzo[b]furans 3a-u (Scheme 1).
The starting materials 1a-c were readily available by using the electrophilic cyclization protocol 9 of 2-(methylthio)alkynylanisoles (Scheme 2). The treatment of 2-(methylthio)alkynylanisoles with iodine in CH 2 Cl 2 , at room temperature, led to the formation of 1a-c, isolated in 87-95% yield after purification (Scheme 2).
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Results and Discussion
Our initial studies on Suzuki cross-coupling focused on the development of an optimum set of reaction conditions. In this way, 3-iodo-2-(methylthio)benzo[b]furan 1a and phenylboronic acid 2a were used as standard substrates. Thus, the reaction of 1a (0.5 mmol), boronic acid 2a (0.75 mmol), and a solution of K 2 CO 3 (1.0 mmol) in H 2 O (0.4 mL), using DMF (4.0 mL) as solvent, at reflux with different palladium catalysts was tested ( Table 1) . As shown in Table 1 , both Pd(0) and Pd(II) catalysts with different ligands were tested. The best result was obtained using Pd(PPh 3 ) 4 (5 mol%) which gave the desired product 3a in 97% yield (Table 1 ; entry 1). It is important to note that when the amount of catalyst was reduced from 5 to 2 mol%, a small decrease in the yield was observed ( Vol. 21, No. 9, 2010 Our experiments also showed that in the absence of catalyst the product was not detected, and the starting material was recovered (Table 1; entry 8) .
Regarding the influence of solvent, optimal results were achieved using DMF (Table 2 , entry 1). By using dioxane, CH 3 CN and THF (Table 2 , entries 2, 4 and 6) good yields were also obtained, while the use of DME (Table 2 , entry 5) did not give the desired product 3a. We also observed that the nature of the base was critical for the success of the coupling. When the reaction was carried out with an aqueous solution of inorganic bases such as K 3 PO 4, Cs 2 CO 3 and Na 2 CO 3 the coupling product was obtained in good yields (Table 2 ; entries 7-9), while the use of NaOH ( Table 2 , entry 10) furnished the desired coupling product in low yield. It is also important to mention that when dry base were used in place of an aqueous solution, only 54% of product was obtained ( Table 2 ; entry 11). Careful analysis of the results revealed that the optimum condition for this coupling reaction was found to be the use of Pd(PPh 3 ) 4 (2 mol%), 3-iodo-2-(methylthio)-benzo[b]furan 1a (0.5 mmol), phenylboronic acid (0.75 mmol) in DMF (4.0 mL) and H 2 O (0.4 mL) at room temperature. After that, the base K 3 PO 4 (1.0 mmol) was added and the mixture was heated at 100 o C for 1h. Using this reaction condition we were able to prepare 3-aryl-2-(methylthio)-benzo[b]furan derivative 3a in excellent yield. 12 In order to demonstrate the efficiency of this protocol, we explored the generality of our method extending the conditions to other aryl boronic acids and 3-iodo-2-(methylthio)-benzo[b]furan derivatives and the results are summarized in Table 3 . Inspection of Table 3 shows that the reaction worked well for a variety of arylboronic acids. A closer inspection of the results revealed that the reaction is sensitive to the electronic effect of the aromatic ring attached in the arylboronic acid. For example, arylboronic acids bearing an electron-donating group, methyl or methoxyl, at the para position gave a better yield than the arylboronic acid bearing an electron-withdrawing group, halide and acetyl (Table 3 ; entries 2, 3 versus 4-6). These results are in full agreement with the fact that electron donating groups increase the nucleophilicity of boronic acids. We have found that steric effects had a little influence on the coupling reaction since boronic acids containing 2-methylphenyl or naphtyl group, gave similar yields than arylboronic acids with no substituent, however an increase in the reaction time was required (Table 3 ; entries 10, 15, 18 and 21) . Differentiation in the reactivity between halogen and boron atoms can be seen by coupling showed in the experiments described in Table 1 (enties 4 and 5), which provide only the Suzuki product, without any homo-coupling product. To the best Yields are given by GC analysis. c This reaction was carried out using dry base. F 3u 82/2 h of our knowledge, aryl halogen could react with boronic acids in the presence of palladium catalysts to afford biaryl products. 11 In the example reported in this study, the halogen substituent was not affected. In an attempt to broaden the scope of our methodology, the possibility of performing the reaction with other 3-iodo-2-(methylthio)-benzofurans was also investigated. Then substrates 1b and 1c, which have methyl and fluoro group in the side chain, were efficiently cross-coupled. Under these conditions, both electron-rich and electron-poor arylboronic acids produced the desired products in good yields (Table 3; entries [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
Alternatively, under the same conditions described to boronic acids, we were able to use other organoboron source, the aryltrifluoroborates (Scheme 3). 5 In this way, 3-iodo-2-(methylthio)-benzofuran 1a underwent palladium cross-coupling with aryltrifluoroborates furnishing the corresponding 3-aryl-2-(methylthio)benzo [b] furan in good yields.
Conclusions
In summary, we have explored the Suzuki cross-coupling reaction of arylboronic acids with 3-iodo-2-(methylthio)-benzofurans using a catalytic amount of Pd(PPh 3 ) 4 . In addition, the same procedure used to aryl boronic acids was efficiently extended to aryltrifluoroborates. The reaction proceeded cleanly under mild reaction conditions, short reaction time and was performed with aryl boronic acids bearing electron withdrawing, electron donating, and neutral substituents. It is important to point out that this route permits an easy and efficient access to highly substituted benzofurans.
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